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The role of Wnt/[3-catenin signaling in postsynaptic differentiation
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Synapses are basic units that mediate the communication
between neurons and their target cells. The formation of synapse
is regulated by secreted factors, receptors, adhesion molecules and
intracellular signaling molecules. The interplay between positive
and negative factors determines synapse assembling, remodeling
and elimination, resulting in the formation of precise synaptic
connections. However, compared to the abundant identified posi-
tive factors, negative factors are largely unknown. We have recently
shown that Wnt3a acts as a negative factor that inhibits postsyn-
aptic differentiation at the neuromuscular junction (NM]), the
synapse formed between motor neurons and skeletal muscle fibers.
The clustering of acetylcholine receptor (AChR) guarantees efficient
and accurate neurotransmission and is a hallmark for postsynaptic
differentiation at the NMJ. We found that treatment with Wnt3a or
upregulation of $-catenin inhibited the formation of AChR clusters.
Furthermore, we investigated the underlying mechanism and found
that Wnt/3-catenin signaling negatively regulated AChR clustering
by downregulating the expression of Rapsyn, an AChR-associated
protein required for formation and stabilization of AChR clusters.

In the central nervous system (CNS), many secreted molecules
have been identified to promote synapse formation. Some of them,
including Wnts, Fibroblast growth factors (FGFs), neurotrophins are
derived from target cells and act retrogradely to promote presynaptic
differentiation,'# while others can aggregate postsynaptic apparatus
directly.® At the vertebrate NMJ, major efforts have been put to
identify the factors that regulate AChR clustering on skeletal muscle
fibers. Agrin, a glycoprotein derived from motor neuron, is known to
be a positive factor that is crucial for formation and stabilization of
AChR clusters.®” In contrast, ACh is shown to be a negative factor
that disperses AChR clusters.®? The role of Agrin in inducing AChR
clustering requires muscle specific receptor tyrosine kinase MuSK
and AChR-associated protein Rapsyn.®”
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Recently, we found that ACh disperses AChR clusters by acti-
vating Calpain, a calcium-dependent protease.!” Furthermore,
we found that Rapsyn binds to and inhibits Calpain to stabilize
AChR clusters. Agrin increases the interaction between Rapsyn and
Calpain, leading to further inhibition of Calpain and stabilization of
AChR clusters.!! Thus, Rapsyn acts not only as a structural protein,
but also as an inhibitor of Calpain.

Since ACh can be easily hydrolyzed, there may be other
ACh-independent dispersing factors. Early studies indicate that
both brain-derived neurotrophic factor (BDNF) and neurotro-
phin-4 (NT-4) inhibit Agrin-induced AChR clustering on cultured
myotubes,'? however genetic evidence suggests that these factors may
not be involved in dispersing AChR clusters in vivo.® Another report
shows that neuregulin inhibits AChR aggregation in myotubes.!?
Given that neuregulin may activate Cdk5,'4 a cytoplasmic serine/
threonine kinase involved in ACh-induced dispersion of AChR clus-

tel‘S,8

it remains possible that neuregulin-1 acts as a dispersing factor.
This hypothesis needs further investigation in vivo.

Several components of Wnt signaling pathway, including
Dishevelled (Dvl) and adenomatous polyposis coli (APC), regulate
AChR clustering at vertebrate neuromuscular junctions,'>!¢ by
interacting with MuSK or AChR respectively. Recently Wnt has been
suggested as a local inhibitor for presynaptic assembly of C. elegans
and is crucial for establishing the precisely patterned neuromuscular
connectivity.!” Nevertheless, the role of Wnt in vertebrate NMJ
development remains poorly understood. Recently, we found that
Wnt3a could disassemble AChR clusters in cultured muscle cells and
in vivo. Upregulation of 3-catenin, the condition mimicking the acti-
vation of Wnt canonical pathway, inhibited the formation of AChR
clusters in vitro and in vivo. Furthermore, treatment with Wnt3a or
upregulation of 3-catenin suppressed the expression of Rapsyn, and
reconstitution of Rapsyn expression that was not responsive to Wnt3a
or P-catenin partially prevented the dispersing effect of Wnt3a. This
result suggests that the decreased expression of Rapsyn induced by
Whnt3a is indeed responsible for the dispersing effect of Wnt3a.!!

Almost contemporaneously with our study, Zhang et al., reported
that suppression of f-catenin expression inhibited Agrin-induced
AChR clustering. Their data indicate that B-catenin binds to Rapsyn
and serves as a link between AChRs and a-catenin-associated
cytoskeleton.!® Thus B-catenin might have multiple roles in the
neuromuscular synaptogenesis. The appropriate level and location of
[-catenin are crucial for normal synaptic structures and functions.

To investigate the role of 3-catenin in NM]J development in vivo,
we used the cre/loxP approach to specifically ablate the B-catenin
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Figure 1. For figure legend, see page 160.

gene in skeletal muscle. Mice with loxP sites flanking the second and
sixth introns of the B-catenin gene!® were crossed to mice that express
the cre gene under the control of human skeletal actin promoter
(HSA), which drives muscle-specific expression.???2 The progeny

were lethal immediately after birth. We found that Rapsyn expression
was increased in B-catenin mutant muscles, in either protein level
(Fig. 1A and C) or mRNA level (Fig. 1D), supporting the notion
that B-catenin negatively regulates Rapsyn expression. Interestingly,
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Figure 1. Synaptic phenotypes of mutant mice deficient for Bcatenin expression in the skeletal muscle. (A) Homogenates of skeletal muscles isolated from
B-catenin knockout mice (B-cat’) or littermate wild-type mice (B-cat*/*) at PO were probed with indicated antibodies. (B and C) Quantification of relative pro-
tein levels of B-catenin (B) or Rapsyn (C) as shown in (A). Protein level of wild-type mice was taken as 1.0. n = 3, *p < 0.05, **p < 0.01. (D) mRNA samples
isolated from skeletal muscles of mutant or wild-type mice (PO) were analyzed by quantitative-PCR analysis. n = 4, *p < 0.05. (E, G and J) Diaphragm
muscles from wildtype or f-cat’- mice at E18 (E) or PO (G, J) were stained with antibody against neurofilament (green) to mark nerve branches (E), and
RBTX to label AChRs (E, G and J). Shown in (E) are representative images from the ventral quadrant of the right side hemidiaphragm of wild type (left) or
mutant mice (right]. Scale bars, 50 um in (E), 10 um in (G), and 100 um in {J). (F) Second branch length. n = 7 for wild-4ype mice, n = 4 for p-cat”" mice.
** b < 0.01. (H and I) Average area (um?) (H) or intensity (I) of individual AChR clusters from diaphragms of wild-4ype or mutant mice at PO. n = 22 for
wild type mice, n = 16 for p-cat’- mice. * p < 0.05, *** p < 0.001. (K) Numbers of AChR clusters in an area covered by 500 um primary branches in the
ventral quadrant of the right side hemidiaphragm. n = 5 for wildtype mice at PO, n = 6 for f-cat’- mice at PO. ** p < 0.01. (L) Average width of endplate
bands of mice at PO. n = 5 for wild-type mice, n = 4 for f-cat’ mice. ** p < 0.01.
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